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This investigation was undertaken to rectify a eteorolo^ical 
deficiency r entioned in a Pennsylvania State College report [E } . 
This stated deficiency is the lack of it formation over North A) erica 
on the diurnal height change in the 500 rb level between standard 
radiosonde observation times. 
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D«. 

interpolation was used to replace r.dssing observations 

D* t - S toothed value of the • onthly average diurnal height change 
for the i+* month at a given station 

Da Computed monthly average diurnal for a i ,onth in which all 
observations are available 

h( Observed height of the 500 mb surface at 1500 GOT on the 
day of the nonth 

' Interpolated height of the 500 ^b surface for 1500 CGI on 
the (+6 day of the r onth 

Hi Observed height of the 500 nb surface at 0300 GOT on the 
day of the month 

Hi Interpolated height of the 500 mb surface for 1500 GOT on 
the *'*♦ day of the n-onth 

K Number of breaks in a month's record of observations due 
to missing observations 

Ml Population mean or true monthly average diurnal height change 

H Number of days in a given month 

h»r Number of individual twelve-hour diurnal height changes 
needed to establish a 95'? confidence limit for the mean 

N Nin-ber of years of records needed to establish a 95.", 
confidence level for a monthly average diurnal height 
change for a given month 

P Probability 

S Standard deviation of the individual twelve-hour diurnal 

height changes for a given month 
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•'ariablc ir the students t-di stribution 

Value of i such that the probability is p that the 
absolute value of t is greater thantp 

bur ber of consecutive • issing observations in any giver, 
break in the data during a to iven ionth 

Nurber of zero valued twelve-hour diurnal height changes 
introduced by interpolating for X consecutive missing 
observations 

Total nunber of zero valued twelve-hour diurnal height changes 
introduced by interpolating for all riissing observations 
during a month T s record 

Sunnation of all observations from (-1 to <=n 
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The problen undertaken was to deterrinc a representative 
monthly mean difference between the observed height of the 500 mb 
pressure surface at 0300 GOT and 1500 GOT for each radiosonde 
reporting station within the continental United States and for as 
many stations as possible in Canada, Alaska, and the bordering 
seas and oceans. 

The results are presented in tabular form in Table 1. which 
represents the unsmoothed monthly mean diiu’nal height changes for 
the entire fourteen months considered and in graphical form in 
Figures 8 through 1° which show isograms of mean diurnal height 
change drawn to smoothed values of the monthly mean diurnals for 
each of the twelve months of the year. 

A direct method of corputing the monthly mean diurnal height 
changes from observations recorded for individual stations, as 
suggested by S. Teweles M in his report on the diurnal height 
changes of the 700 mb surface, was used throughout. Teweles, in 
his work with the 700 mb surface, abandoned the atterpt to use 
individual station observations in favor of using values for the 
height of the pressure surface which were interpolated for certain 
grid points on analyzed contour charts of the 700 mb surface. The 
formula used in this article to compute the monthly mean diurnal 
height changes at 500 mb is the same as that used by Teweles for 
computing the same quantity at 700 mb except for necessary changes 
made to allow for the effect of missing observations. 
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Statistical invcstigatio 'S of t'ic Jistri’ utio , rare, v«*r a. c 
and standard deviation of tl e individual daily twelve-1 our 1 ei| 1 t 
changes at several stations for various oi tis were -an, he re- 
sults of these investigations allow certaii conclusions as to the 
reliability of the results. 

The postulated theory of the diurt al pressure wave and its 
harmonic coefficients is reviewed, '’he twenty-four hour period 
pressure wave being due to the twenty-four hour period te perature 
wave calls for a brief resur e of the various parameters which should 
influence the diurnal temperature variations throughout the ati osphere. 
So. e eviderces of the control exerted by local factors, such as type 
of surface and orography, on diurnal pressure changes are presented. 

Cursory comparisons were made of the 500 mb diurnal height change 
charts with diurnal pressure or height change charts obtained for 
other levels over the United States, such as the U. S. leather r 'ureau 
[16] surface data, S. Towel es f 11 ] 700 -b data, and 0. Vulf, 1 . !odge 
and 3. Obloy Q_f3 10 kn data. 

u. Riehl £9} A*d p . iaurwits at San Juan on the 

harmonic coefficients of the diurnal pressure wave was investigated 
to find if the harmonic coefficients determined there were compatible 
with the findings of this investigation. 

Conclusions as to the reliability of the isogran patterns of mean 
500 mb diurnal height change are drawn, and estimates of the error 
introduced by neglecting these 500 l.b diurnal height changes are ade. 
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The .o:th]y ! ea’i diurKal height changes that are prese. te i: 
Table 1. were co puted fro: observations tal en over a p'. rio of 
fourteen onths fro Jeptenber 19d c to October 1S4 C , inclusive. 

The original goal was to obtain a 1 onthly can for each of the 
twelve ronths based or two consecutive j-ears of obscrvatioi s at 
each station, however, due to the lirited aiount of data that was 
obtainable, in a fom which could be handled in a ywhere near the 
tire available, the shorter period was utilized. 

The source of the observational data used in this work was the 
Daily Upper Air bulletin [14] . ""he data contained in these bulletins 
are unedited reports taken directly from teletype schedules received 
in Washington, D. C. In the Daily Upper Air Bulletin, as published 
by the U. S. Weather Bureau, the heights of all the nandatory levels 
are tabulated each day for both standard observation tires for each 
station listed in blocks corresponding to the international index 
numbers. Waving the raw data tabulated in this r tinner facilitated 
the laborious task of transcribing on to work sheets the approxi- 
mately 67,000 observations that were used. The form in which the 
Daily Upper Air Bulletin is currently being published is the repro- 
duction of the actual teletype transmissions. Although a longer 
record of observations is available in this fom, which has been in 
use since April 1950, the enormous amount of time which would have 
been required to extract the particular information desired for each 
station from the total r.ass of data, prohibited its use. 
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- servatic s fro< sevc. ty-srx stations verc i Ciu cl it t' 

)ailj r Uppci- Air ulletin regularly c? ough each > ontl m ii t’ e 
period consi.cred to be used in this wor’ . if these ocve* ty-six 
stations, forty— seven were located within the continental li. its 
of the United States, twenty-six were located in Cai ada, one statioi 
was in Greenland (Thule) and two were Pacific oceanic statioi s. 
Alaskan stations were not used because they were seldom available 
for more than a few days at a tire during post of the onths of 
this period. 
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III. 3U TV TAtTC'AL ^ JQl l 
1. Fasic equations. 

The twelve-hour diurnal height cl ange of the 5CO 1 b pressure 
surface fron 0300 GO! to 1500 GC P , hereafter called the diurnal 
height change, for any given day at a given station, was co puted 
in a Manner entirely analogous to that used by Teweles [ll] for 
determining the same quantity at 700 rb. Thus, 

~ H hi ~ H 

where, 

^ is defined as the diurnal height change for the 
day of the month, 

ht is the observed height of the 500 mb pressure surface 
at 1500 GOT on the i** 1 day of the month, and 

Hi is the observed height of the 500 mb pressure surface 
at 0300 GOT on the i th day of the month. 

This method of computing the diurnal height change was selected as 
being the best estimate of the quantity desired. The averaging 
process must be depended upon to eliminate the effect of any non- 
representative twelve-hour height changes that ray be introduced by 
sudden changes in the trend. If the trend is linear for the period 
fror Hi to Hit-i the diurnal height change as computed is independent 
of trend. 

The average diurnal height change for a month of Fi days would be 

D A=n HO i (2) 

t*l 



/_ \ 



where, 



n 



Z— D t ' is the total diurnal height chance for the ronth, a>'d 

<• | 

Da is the average diurnal height change for the 1 onth. 
Using the value of Oi fro-’ (1), equation (2) becores 
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whence 
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Equation (3) was used to compute the monthly mean diurnal for months 
in which there were no missing observations. A modification of (3) 
was necessary, however, in order to compensate for the effect of 
missing observations. 

2. Hissing Data. 

One important difference between the technique used by Teweles 
in his work with diurnal height changes at 700 mb and the technique 
applied here concerns the problem of missing data. By making use 
of analyzed charts and taking interpolated values of the heights at 
selected points Teweles avoided this problem. Using the actual obser- 
vations from the Daily Upper Air Bulletin, however, the problem arose 
immediately. In 85,i of the cases one or more observations were 
missing from the set of observations from a given station for a given 
month. Several methods for handling this problem were considered and 
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it was decided that linear ii terpolation between tl e two obser- 
vations adjacent to the gap in the data would be used to obtain 

values for the missing observations. This procedure pen itted 
uniform programming of the operations which followed and allowed 
the computing of an average diurnal for the entire 1 onth instead 
of several averages for parts of a month which would later have to 
be coi bined into an overall average. Interpolation also allowed the 
use of all the data, whereas breaking the data into segrents composed 
of complete sets of all observations needed for computing a single 
twelve-hour diurnal height change would require that some reports 
be discarded. For example, if a single 0300 GOT report were missing 
and interpolation were not used, breaking the data into two coi plete 
sets as described above would discard the 1500 OCX report on either 
side of the missing observation. Using the interpolation method in 
the same case would make use of both of these reports. 

The linear method of interpolation was selected because it 
reduced to zero the value of any diurnal height change or part thereof 
based on interpolated reports. This was compensated by reducing r\ 
in equation (3) by the number of zero valued diurnal height changes 
created by the use of interpolated values during the month. 

By far the greatest number of gaps in the data were cases in 
which a single report was missing. These instances of one missing 
report occurred at random intervals and with no apparent relationship 
to the height of the 500 mb surface. Gaps of two missing observations 
were also quite frequent. For the stations within the United States 
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there were few gaps of as ixuy as tl ree observations and in o>ily 
four instances did a break of four consecutive reports occur, .’he 
data for nor-United States stations were much more irregular udlth 
gaps of as many as ten consecutive observations occurring. 

The fact that using linearly interpolated height values reduces 
the diurnals to zero can be readily demonstrated for the case of a 
single missing observation. If a 1500 GCT observation were missing, 
hj for example, the interpolated value, hj , would be 

The only twelve-hour diurnal height change involving hj is Dj , 



and 



0 3 = 



2 



D* = 2 hi - H» = 
3 




5 



where D> is the value of the diurnal computed using the interpolated 
report. If the missing observation were an 0300 GOT report two diurnal 
height changes, Pi and would be effected, but the net result would 

be the introduction of only one zero valued diurnal with 




and 



+ Da * ^ ~Hi.t fhfc- Ha t hi *• Hj 



then 



(V + O j = i ~ 

z 



(S) 



The quantity (c4*dS) is equivalent to a diurna] co posed of 
the known parts of Da and O3 . As stated above then, a single 
interpolated obscrvatior introduces one zero valued diurnal height 
change . 

For the case of two consecutive missing observations one and 
one-third zero valued diurnal height changes are introduced. For 
example, if H3 and hj were the missing observations the two 
diurnals affected would be Da and d 3 . 

For 

Ha = + ‘/y (H«*-H*.) » 

h' 3 = V3 (H«*“Ha.) 

and 

O, = * Hi.— Ha 1 

z 

Q 3 « hj -H3 » hj_Z til 

z 

Then 

O', = Hjl-Hi. + , 

2 . 

and 

Qj' = - Hh - O 

Assuming a linear trend existed from 0300 GOT on the second, to 
0300 GOT on the fourth, then 

H, - J±4J±t 

2. 

thus 

D, - Ha.- Ha. + H? -) + Hh) 

z z 

and 

O' _ Jh£ tdil ^ CH-u- H») _ y 3 Q , 

1 2 



(S) 



As a result of introducing the two consecutive interpolated obser- 
vations one of the affected diurnal height changes is reduced to zero 
and the other is reduced by one-third, or one and one-third zero 
valued diurnal height changes arc introduced. 

The above proofs can be extended to cover any nur. ber of missing 
observations. If y is the correction factor, expressing the nunber 
of zero valued diurnal height changes introduced by X consecutive 
interpolated observations, it can be shown that 



, x odd , 

> x e ' en ■ 



( 4 ) 

( 5 ) 



Inasmuch as each interpolation or set of interpolations across a 
gap in the data can be considered independently of all other interpo- 
lations performed during the month, the total correction factor for 
the month will be the sum of the individual correction factors . If 
there are k gaps in the data for a given month then 



V = £ a 



•j-i 



( 6 ) 



where 

V is the total correction factor for the month, 

yj is the correction factor for the j** 1 gap in the data. 

The modified formula for computing an average diurnal height change for 
a month in which linear interpolation has been used to obtain values for 
missing observations is 






-kSJ- 
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n-y 



( 10 ) 



v’ ere Do. is the avra e viural cr tic *or»t! s v. (n-Y) 
individual liurnals . Y is lar / Do. /ill ot j 
r ood cstiratc of Q* , tl c average diurral height c' Ox e t’ at void 
’iavc beer obtained ? al all o servatio s bee availa le. * c 
quantity (n-Y) eliability o Do as 

ar cstiratc cf Da . 

Usi”g equatior (7) average diurnal height cl a: ges were co pute 1 
for each statior for cacl of the fourteen ronths co silered. These 
average diurnal height charges are shown in "able 1. together with 
the quantity (n-Y) that was used in obtairir.g the Da that is show. 

The entries in Table 1. are ii the for. n-Y , D* where n-Y is tl e 
upper left hand figure and Do is the lover right liar. 1 figure in each 
entry. The values of these quantities for Atlax ta, "corgia (21D) 
for lay 1949 are, for exar pie, n-Y= a. d Do=4<» 

Although the origiral data were recorded in tens of feet, the 
value of Do is recorded to the nearest foot. This is justified because 
Do is the average of ten or more observations and therefore coi tail s 
one ”ore significant decii al place than the individual observations . 
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IV. SAILS riOAL nVALl'AIU. L (RUnTo 

1 . Variability of individual diurnal height changes . 

Before lia'cing any statistical evaluation of the results it was 
necessary to compute the individual diurnals Di that are averaged in 
finding the monthly mean diurnal height changes . This was dore for 
twenty-two months of observations from various stations. Only statioi s 
for which there were no missing reports during the month being consid- 
ered were used except in the case of station 21S which had one missing 
observation from four of the six months used. Histograms were plotted 
to determine the frequency distribution of the twelve-hour diurnal 
height changes. The mean, variance, standard deviation, and range 
were also computed for each month. The values of these quantities 
are listed in Table 2. Inspection of the twelve-hour diurnal height 
changes together with their means and variances, shows that much 
greater twelve-hour diurnal height changes occur during the winter 
months than during the simmer months although the magnitude of the 
monthly average diurnal height changes vary only slightly. These 
large height changes which occur during winter are due, in a large 
part, to the much greater frequency of passages of sharp troughs and 
strong ridges over the stations during winter than during summer. 

2 . Confidence limits . 

Histograms of the twelve-hour diurnals show that the daily 
diurnal height changes may be assumed to have a normal distributior . 
Treating the n diurnals of a given month as a sample of size n 
from an infinite normal population, composed of all the twelve-hour 
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diurt.al height charges that could be co puted for tl at o t< for 
all years. Sigiificar.ee tests based on the students i- ’istri- 
bution, 5 oel [ 5 ] were rade. Isii g the equation 



D a is the co .puted nontlily rear diurnal height change, 
is the value of t for n-i degrees of freedom such 
that the probability is p that the absolute value of t 
is greater than tp , 

is the standard deviation of the individual twelve-hour 
* diurnal height changes for the month being considered, 
m is the population mean or true nontlily mean diurnal 
height change, and 

n is the number of days in the month being considered. 

A 95,3 confidence interval for no was established by setting p equal 
to 0.05. The values listed in Table 2. under ”95,3 confidence limit” 
establish the 95 "o confidence intervals based on the data for the 
indicated months from the stations listed. The probability is 0.05 
that the true nontlily average diurnal height change is outside the 
interval established. 

To establish the probability that the monthly mean diurnal 
computed for any month was within ± 5 feet of the true mean, the 
following equation taken fron 8 was used. 




( ) 



where 



If 




then 
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After finding t p tl.e value of p was obtained fro a table o"t 
values, 'oclfSj . Ac values listed under "confidei cc 
for t 5 feet" arc 

Confidence levc-l - lOoll-p) . 

These values express a confidence level for the stater ent 

Da " Sft . < < D a + 5 ft. 

To attain an estimate of how many years of observations would be 
required to establish a confidence level of 95,3 for (10) the 
following equation was used; 

to oir yfer7 = 5ft - 

jog£ S = ~Vn„r i 

For an infinite number of degrees of freedom 

toes = 

and it follows that 



(♦ 3 2 d S)V | . r>. <r _ N 

30 30 
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where 

n.,5- is the nio'rber of individual twelve-hour diurnal height 
changes needed to establish a 95,1 confidence level for 
(10) with the existing standard deviation* 
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s 

height changes for the i onth being considered, 

N 

station aid * on th to establish c <5l confidence level 
for (10). 

The results obtained using (11) are listed in Table 2. under N . 

results of the £-test indicate that the monthly average diurnal 
height changes obtained in this investigation are of the proper order 
of magnitude. The tests show that if monthly averages were obtained 
for each of 100 years for a given month at an average station, 95 of 
these monthly averages could be expected to fall in the interval 
£ 25 feet where Da is the monthly average diurnal computed for 
the given month and station in this investigation. 

3. Smoothing. 

Fecaiis e of the variability of the individual diurnals and the 
apparently random month to month irregularities in the average diurnal 
height changes a smoothing operation was employed before the monthly 
average diurnals were plotted and isolines drawn. A three month 
weighted running mean was used. Inasmuch as the number of diurnals 
included in Da for different months was not constant a weighting 
factor was employed to adjust for the difference in precision of Da 
as an estimate of the true mean diurnal height change, for different 
sample sizes. The relative precision of two sample means for esti- 
mating the population mean is the ratio of the square roots of the 
number in each sample. For this reason the quantity was 
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used as a weighting factor for each .0 ntlily average. lie values 
plotted on the charts in "inures 8-19 were obtained ly use of the 
formula 




-v^TyT, D» t _, eV^v-vT Q»< + Da tt) 

V^-,+ 



( 12 ) 



where 

Da; is the smoothed value of Che r'.ontlily average diurnal 
height change for the c*** month at a given station, 
rj t , -'Y2 is the nur.be r of diurnals used in computing Du t - and 
Da; is the monthly average diurnal height change for the i* h 

month at the given station. 

The quantity (V h;-, -'tf-i t El/npYt + ) 

alongside each station. Figures 8-19 together with Do. as a measure 
of the reliability of Da . 

The above method of smoothing preserved the positions of the 
major maximum and minimum average diurnals but made the plot of 
monthly mean diurnals look more reasonable. Examples of the effect 
of the smoothing process on the plot of the monthly values is shown 
by Figures 1-7. 
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V. TIKO.'ICS OK Wit JTlh’J AL T.vLSJU.U. VhUlA It’ 

The basic causes of the atr ospheric diurnal pressure variatior 
are absorption of solar radiation, infra-red radiation and absorption, 
and solar tidal effects. This diurnal pressure variation, which at 
the surface normally has two maxima and two ninina each twenty-four 
hours , can be broken down by harmonic analysis into a fundamental 
twenty-four hour period which is called the diurnal pressure wave 
(contrasted to the diurnal pressure variation) and harmonics of this 
period. Normally the second harmonic (twelve-hour period), which is 
called the semi-diurnal wave, is of amplitude comparable to the funda- 
mental. An appreciable third harmonic (eight-hour period) and a minor 
fourth harmonic (six-hour period) have been found in the analyses of 
certain station mean pressure records as reported by Albright Q., pp 64-70} . 

The semi-diurnal (twelve-hour period) pressure wave has been sub- 
jected to a great deal more investigation than has the diurnal (twenty- 
four hour period) pressure wave because it is believed to be the basic 
cause of the daily terrestrial magnetic variations. This semi-diurnal 
pressure wave is attributed to solar tidal action and the magnifying 
effect of a natural periodicity of the atmosphere of twelve hours. 

This wave has been found to decrease with altitude at the sane rate 
as the pressure decreases with altitude by Ilann [3, p 207j , and at 
a less rapid rate b 3 r Hi chi C3] and rlaurwitz 

The diurnal pressure wave (twenty-four hour period) is attributed 
by Hunplircys £6, pp 243-244} to the diurnal heating and cooling of the 
total atmosphere. On the side of the earth subject to insolation the 
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atmosphere will be expanded and on tl-e opposite side, contracted. 

At higher altitudes on the heated side the isobaric surfaces will be 
raised and the pressure at a fixed upper elevation will rise. At 
night the reverse is true, the isobaric surfaces lowering due to the 
air column contraction, ard the pressure at a fixed upper elevation 
falling. These variations should be greatest near the tires the air 
colic in is the warnest and coldest. Accompanying both of these 
variations, vertical motions are causing moderating adiabatic temp- 
era ture changes at the upper levels. 

At the surface the pressure changes can be expected to be 
reversed; i.e., a fall during the day and a rise at night. This is 
due to the pressure gradient aloft that is established between the 
warn side and the cold side of the earth and the resultant mass 
transport from the warn side to the cold side. The rise in pressure 
at the surface on the cold side and the fall in pressure at the sur- 
face on the warn side in turn result in a moderating mass transport 
from the cold side to the warm side at low levels. Thus a vertical 
circulation is set up, much as in the case of the sea-land breeze cell. 
By this theory there will be a level where the horizontal pressure 
gradient due to the diurnal pressure wave is zero. 

ho theory for the origin of the eight-hour and six-hour diurnal 
pressure waves has been noted but they are probably the result of 
similar periodicities in the temperature cycle of the atmosphere. 
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Assuming that the cliurnal pressure rave is brought about by the 
diurnal temperature wave throughout the ei tire atrospheric coluui, 
there are several parameters iviiiclx nust exert an influei ce on the 
diurnal pressure wave at the surface or at any particular elevation. 

Latitude and season are the most obvious factors since they 
determine the amount of insolation on the top of the atmosphere. 

The distributions of temperature, water vapor, ozone, pressure, 
and carbon dioxide with height are fundamental to the problem since 
they determine the amount of solar absorption and long wave absorption 
and radiation at any particular height with given amounts of incident 
radiation. 

In addition to the controls exerted by the above parameters on the 
atmospheric temperature and pressure differences there are those arising 
from the type of earth surface and orographic features. Evidences of these 
controls in establishing local diurnal pressure differences and broadscale 
diurnal pressure differences are apparent in the investigations discussed 
below. While these examples refer to local influences on the diurnal 
pressure variation and the resulting circulation patterns, it is logical 
to assume that these factors also affect the diurnal pressure wave, since 
the diurnal temperature wave should be affected in each case. 

(a) Land-sea breeze 

Van fennel en [l?J , in a study on Eatavia, Java found that the low 
level sea breeze exists during the tine the pressure over the sea exceeds 
that over the land (1100 to 1930 local time) . This sea breeze existed up 
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to C75 nb and at opposite laid 1 recze existed frov : i ere up to about 
650 nb. ’he land breeze c/as about o e-half the intensity of the sea 
breeze but was extended titrough about twice the depth. On the basis 
of this it would appear likely that local or snail scale influences 
on the diurnal horizontal pressure gradierts would become zero at 
about 875 nb and would be in reverse phase from. there up to 650 Lb. 
Above that height local influences should have no effect and the 
observed diurnal pressure wave would be due to large scale action. 
This postulates no orographic barriers to prevent the vertical 
circulation cell fro:., being established. 

(b) Continent - ocean and fountain - plains winds 
d. Uexlcr [16] quotes examples of broadscale diurnal continent- 
ocean winds and mountain-plains winds due to the sane phenomena as 
the land-sea breeze. A continent-ocean wind has beer, found to exist 
up to 1300 r.cters over Jurope with zero horizontal pressure gradient 
at 1300 meters, reverse winds fron 1300 to 4500 r.ctcrs, and no ob- 
servable effect above approximately 4500 meters. A continent-ocean 
wind exists in the United States with zero horizontal pressure 
gradient at 3100 meters, the height to which the reverse pressure 
gradient exists being urdmown. A United States mountain -plains wind 
exists with zero pressure gradient at 2300 r.ctcrs r.s.l. and with the 
top of the reverse circulation being unknown. These phenomena would 
indicate that the relatively broadscale diurnal pressure wave influ- 
ences could be effective up to or above 500 mb. 
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(c) ^oc^l 1 ' f i ri' ey i> al p-'cssurr -ari»t.lo 

An Ai"*y Air or'r report £l3, pp 2-4} • ives :■ e i oral .*»Lr±ace 
ridsur cr diur al pressure variatio 1 '"or exposed coastal s tatic: s, 
coastal valley statio s, a 1 d it'terior valley statioi s alo- t .e 
U. 3. Pacific doast. It also gives the diur al differe ccs 1 etwee 
these three curves. The difference curve between the interior valley 
and coastal stations has an amplitude of air os t 2 r b and has a i.axixur 
value at 0800 local tine and a minimum at 1800 local time. This 
difference curve ‘s *V>*' x ’ju > -ly about ICC * iles apart and is pre- 
sinnably due to the differences in the diurnal temperature range of 
the lower atmosphere at the two locations and the presence of the 
coastal mountain ranges. Over the dry cloudless interior valleys the 
ground receives a large amount of solar radiation and the surface 
temperatures reach high values during the day. This heat is carried 
into the lower few thousand feet of the atmosphere by turbulent 
transport. At night the surface radiation is very large, since the 
lower atmosphere is relatively dry, and the surface temperature drops, 
together with the temperature in the very low layer of the atmosphere. 
At the coastal stations, however, the low level diurnal temperature 
range is small due to the stabilising influence of relatively consta: t 
water temperature, the layer of moist air and frequent cloud cover. 

The coastal mountain ranges reduce the intensity of the vertical cir- 
culation cells which would normally be established by these surface 
pressure differences and as a result the moderating effects of mass 
transport on the local surface pressure differences are considerably 
less than night be expected. 
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Cloud a outs, ci sitics, tliic' csscs ar.d hei ’its arc poria ’ 

La.i. S • I o* ic* calculate?! 

temperature change ii the at ospherc i:. ' arch fro., tic equator to C C° 

T orth usi; g average conditions for eacl latitude, r irsi assuri. g o' 1 car 
skies, and then using the average cloud aw.oui t, thick* css, ccc. for 
each latitude, his data showed that the cloudy skies served to L.- 
crease both the infra-red cooling and the solar heating of the layer 
at about 3 or 4 let!, over that found for clear skies, .hese cloudy 
sky conditions should increase the diurnal tenperature variations at 
that level and bring about a Modifying influence on the diurnal 
pressure wave. 

J. Spar [1C] has made an analysis of the surface diurnal 
(twenty-four hour period) pressure wave amplitude at Kew 'fork City 
for a limited number of daj r s broken down into the categories shown in 
Table 3., where is the coefficient of the fundamental twenty-four 
hour period pressure wave. 





ho. of days 


A 1 (r-b) 


Tire of maximum 


cloudy 


24 


.21 


0555 local 


Summer 








clear 


27 


.71 


0705 local 



cloudy 

Winter 


43 


.57 


0900 local 


clear 


27 


.80 


0425 local 



The characteristics of the 24 hour surface 
pres siue wave at hew for!. City 

Table 3. 
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"'his data shows t’lat ti c surface diurnal pressure wave is greater 
on clear days than or cloudy an ? that the tine of chc i.axifjr is 
earlier 0; cloudy days than on clear days in t’;e sur. cr but is 
later on cloudy days than on clear days in the winter. 

Any consistent diurnal variation in ata osphcric adiabatic 
uotions or in the ar.ount of water vapor condei sed out at a given 
location will result in diurnal temperature charges. 

In addition to all the preceding parameters influencing the 
diurnal (twenty-four hour period) temperature and pressure waves 
there are probably others, including a small solar tidal influence. 
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VTT . UHULTo X JoV’SJK 

I . Presentation of results . 

Incorporated in tie values of the 500 nb diurnal height char.fcs 
as detemined herein are two extraneous factors that n,ust be considered. 

The first of these is the radiational effect on the tc. perature 
sensing element during daylight hours. Using temperature corrections 
supplied by the U. S. 'leather Bureau for the instruments used, 

II. Uielil [93 found that the total diurnal pressure range at 500 rb 
was reduced to 50 <1 of the value obtained without the temperature 
correction. Since the 1 axinun pressure at 5C0 nth at San Juan occurred 
near local noon this radiational error should be progressively less in 
going fror.i east to west across the United States where the standard 
observation tire (1500 GOT) corresponds to 1000 local time on the east 
coast and 0700 local tine on the west coast. Also, the effect should 
decrease with increasing latitude northward of San Juan. In any in- 
vestigation of causative factors in the diurnal pressure wave this 
type of error would have to be considered. However, for synoptic 
utilization of the nomal diurnal height or pressure changes at ary 
particular height, it should not be too important, provided instru- 
ments with approximately the sane radiational error characteristics 
are employed in the future. 

The second extraneous factor results from the use of the phrase 
diurnal wave to signify the quantity under study here. In its usual 
context it represents the sinusoidal variation of a twenty-four hour 
period. However, when twelve hour differences are taken on a basic 
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twenty-four hour period, non-sinusoilal curve, such as t? c total 
diurnal pressure variation, .iot o* ly a co ponert of t’ c fiu ’ai c tal 
twenty-four hour period is obtained, but also a conpoi.ei t of all odd 
harmonics of this twenty-four hour period. As a result of this, the 
tern diurnal height change, when applied to the results of this study, 
incorporates a contribution fron the twenty-four hour period pressure 
or height wave and also fron any eight hour period, 4.8 hour period, 
etc., pressure or height wave that nay exist at the particular station. 

The smoothed values of nontlily mean 500 nb diurnal height change 
(1500 GOT - 0300 C-CT) as obtained by the methods described previously, 
were plotted on a standard rap projection and isograns for each ten 
feet were drawn. Dy virtue of the weighted running mean technique 
used in this study, average nontlily raps were obtained for twelve 
months (October 1948 tlirough September 1S49), Figures 8-19, from the 
original fourteen months (September 1943 through October 1949) data. 
Partial data was obtained for Bermuda and the two Pacific weather ship 
stations, Fo . 101 and ho. 102, but due to the distance between these 
points and other data points, no attempt was made to draw isograns for 
them. The isogran analysis over the continental United States is fairly 
well established by the density of reports but over the Canadian area, 
where reports are widely scattered, the analysis is somewhat arbitrary. 
Ml lere the pattern was arbitrary, that one was adopted which most nearly 
retained the sane general configuration throughout the year. The nonth- 
to-month variations of the patterns are, of course, not large since, for 
adjacent months, part of the sane data is incorporated by the weighted 
running mean technique used. A more critical test for the seasonal 
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variation in patterns is obtai: cd by co parison of aps t''rcc 01 t! s 
apart since these would have no co on data, this type of co pari so 
shows that the basic pattern alo; g the coastal areas is sir ilar 
throughout the whole year but that the intensities of the positive 
and negative areas may change considerably. Over the central part 
of the continent the variations in patterns and intensities are both 
quite large, the only consistent features being the large positive 
area throughout the year in central Canada, and the area near zero 
over the northern Great Lakes region. 

The annual nean 500 nb diurnal height changes (October 194° 
through September 1949) were also plotted and isograns drawn. Figure 20. 
This map eliminates some of the irregular features of the nontiily nean 
maps and serves to high light the more or less permanent features of 
the pattern. The irregular features eliminated represent the seasonal 
variations as determined by the data and techniques used. 

For seven United States stations both the unsmoothed and smoothed 
nontiily nean 500 mb diurnal height changes (1500 GOT - 0300 GCT) were 
plotted for the year. Figures 1-7. 

2 . Comparison with investigations at other levels . 

A cursory comparison of the 500 mb diurnal height change naps 
was made with diurnal pressure or height change charts obtaired for 
other levels over the United States. Any marlced similarity cannot be 
expected, however, since the surface data represents the normal values 
obtained from a ten year period (1931 through 1940), the 700 mb data 
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represents tie values obtained froi a two year p rio (.atuary l' 1 -',7 
through lecer.ber 194 ), and the 10 on data presei ts the values o’ - 
tained from a five nonth period (February 1^42 through ju c 1942) 
which were for slightly different sounding tires (1600 GG1 - 0400 ). 

The surface data used was based on a co- prehensivc work by the 
U. 5. Weather Bureau [16] in which three, six, and twelve hour normal 
surface pressure changes are given for 100 United States stations, 
based or 10 years data. Although the twelve hour changes given tl ere 
do not correspond to the twelve hour interval wit’ which this inves- 
tigation is concerned (1500 OCT - 0300 OCT), it was possible to obtair 
that twelve hour difference by using two of the tliree hour change 
values and one of the twelve hour change values thus: 

(1500 - 0300) s (1600 - 0600) - (1600 - 1500)+ (0600 - 0300) 

For comparison purposes the ten year normal surface diurnal 
pressure changes were found in the manner described above for the 
months of January, April, July and October, these months being taken 
as representative of the four seasons. These values were plotted in 
units of 1/10 mb on naps, Figures 21-24. Isograns were then drawn in 
terns of equivalent height change of the pressure surface at the ground, 
the conversion used being .375 mb equals 10 feet. This is arbitrary and 
is inaccurate in that it does not take into account the differences in 
mean monthly surface pressure that exist between stations. The greatest 
inaccuracies will, of course, exist for the mountain stations, however, 
for the purposes for which the data is used herein, these inaccuracies 
are not important. 
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’ e lirst mature wl icn apfus o c. a i o 
• o hly e- surfi' o J hir al ’ e' ’ t c' a. ^e 1"0C •’ - OTCC 
aps is tl ■ . -p'o inai cc o. pos.'civ' values over os' of the ' ; .to 
States. T, y contrast, at the 500 r level, relatively lar areas of 
negative fiurt'il height chai cs are ii evidc cc. iis is alro snow 
by cxa. JLr.atio* of igures 1-7 where the simultaneous values of *urfac« 
and 500 '*h diurnal height chai ges are exhibited. 

The order of Magnitude of the height changes at the two levels 
is the sa:e. If expressed in equivalent pressure chai gc, however, the 
changes at 500 rb are co .siderably less than at the surface. There are 
sore relations that persist between the two levels throughout the wi ole 
year. Over the Florida peninsula si all positive values occur at the 
surface and large positive values occur at 500 rib. hast of ' aine and 
over southern Fova Scotia values near zero occur at the surface and 
large positive values occur at 500 i.b. Over the i ortlieri part of the 
Great Lahes region ard on the Oregon and 'Washington coast, values rear 
zero occurred at the surface and at 500 ub. 

In view of the basically irregular pattern of the lonthly near 
surface diurnal height change raps, it was decided not to sr.ooth geo- 
graphically the values plotted on the 500 rb diurnal height change 
charts as S. Teweles £llj did at 700 i b. Any such geographic smoothing 
would postulate that local snail scale influences are not sig 1 ificant 
in the 500 rb diurnal height change values and such lias not beei cor.- 
fin ed by this study. 
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figures 1-7 si ow t’ at at Atlai ta, Plioc ix, api City, ai J or 
part of the year at Chicago there is a ) arked similarity between the 
variation throughout the year of the normal r ontlily ; car. surface 
diurr.al height chai ges and the smoothed monthly ncan 500 rb diurnal 
height changes. The ragnitude of the hci 0 ht changes at these static s 
is generally less at 500 rib than at the surface and for parts of the 
year actually represents a change in sign at the two levels. 

The 700 rib data comparison was based on the study by 5. Tewcles M 
who has determined a set of tentative normal monthly mean 700 mb diurnal 
height changes (1500 GOT - 0300 GCT) based on two years data, dis r ethod 
of determination of the ronthly mean diurnals at grid points is described 
in Chapter III. lie then coi pared the plot of the diurnal variation 
throughout the year at each grid point with that at surrounding grid 
points and made whatever smoothing adjustments were necessary to make 
the curves compatible with each other* in a given area, and with a uniform 
cyclic change throughout the year. As a result of the sr oo thing process 
used* the 700 mb data has a relatively smooth pattern of isograms for the 
monthly means over the United States. The principal difference between 
the 500 r.ib and the 700 nb monthly mean raps is that smoothness of the 
700 mb data contrasted with the irregular pattern at 500 mb* particularly 
inland from the coast. The points of similarity are that the order of 
ragnitude of the changes is the same at the two levels, large positive 
values persist at both levels over kaine and Florida, and moderate 
negative values persist at both levels over Vancouver Island. 
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A 10 k data coi parison was based on wor! by l . 1 ulf, I . ' cl.e, 
and S. Obloy Ql D J in which they have considered the diuraal clan es 

in temperature and pressure for United States static s. hey have 
plotted unsmoothed onthly mean 10 kra (260 1 b) diurnal pressure 
changes (1600 GOT - 0400 GCT) for February 1942 through June 1942 
for thirty United States stations. This conparison shows the 
principal difference to be the order of magnitude of the diurnals 
at the two levels. In terms of pressure, the values at 10 km are 
three to six tir.es as large as those at 500 mb. The patterns are 
equally irregular inland from the coastline but large positive values 
persist at both levels over w aine and Florida, and values near zero 
persist at both levels over the northwest corner of the United States 
3. Correlation with physical parameters. 

Using the synchronous data from the Nonthly Weather Review [15] 
a check was made as to any siprilarity in patterns between the 500 mb 
diurnal height change maps and the monthly mean raps of pressure and 
temperature at standard levels, percent clear sky, and departure of 
mean temperature from normal. There were agreements in patterns in 
areas and for certain seasons but these were not consistent. Con- 
sidering the average monthly solar radiation received at the surface 
at Washington, 1). C., Columbia, i'issouri, and Nashville, Tennessee, 
it appears from cursory inspection that there may be a negative 
correlation between the amount of radiation received at the surface 
and the 500 mb diurnal height change. This matter was not verified 
statistically. 
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4. Comparison witl harronic analysis obtained by ot! cr investi atic s. 

U. biehl CJ and "aurwitz C] Lave, on tl e basis of soil dix s 
every three hours at Sa 1 Juan for the. period of October and ove’»ber 
1944, dcten ined the ham oric coefficients of the diurnal ar.d set i- 
diurnal pressure waves fron the surface up to 16,000 meters. They 
obtained a maximum diurnal (twenty-four hour period) range of about 
122 feet at 6100 neters. The maximum in this twenty-four hour period 
wave occurred at 1227 local tire (1657 GOT). The i axir ur- ir the 
twenty-four houi' period temperature wave at 6100 meters occurred at 
1218 local tire. If this phase relation between the twenty-four hour 
period pressure wave at 500 rb and the sun holds generally, then for 
the standard observation times (1500 GOT - 0300 GOT) a r.aximur.i positive 
diurnal height change would occur at 500 mb on longitude 37° .test, a 
zero value at 127° West, and a maximum negative value at 143° East. 

From the maps of this investigation, which covers only approximately 
50° longitude, any such uniform longitudinal gradation is rot apparent. 

Using lviehl T s diurnal variation curve of the pressure over Juaj 
at 6100 meters the actual diurnal height charge for the standard obser- 
vation tires (1500 GGT - 0300 GOT) was found to be about +120 feet. 

This is considerably greater than the largest monthly mean value 
obtained in the United States in the current study, which was + 56 feet 
at Kiani in October. 

W. Humphreys [6] quotes the value of maximum range for a third 
harmonic wave (eight hour period) at the surface of .30 nn with 
maximum at 30° horth and 30° South. This wave has opposite phase in 
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ti e two ha ispheres, has opiosito phase i winter ai su.«er, i zero 
at the quator, and i the northern* he isphcrc wi"ter 'as its ax' a 
at 0200, 1000, ar.d 1 00 local tire. i',o studies have been noted on 
the existence of the third harmonic above the surface. If it does 
exist generally, its additive aid subtractive effects on the observed 
1500 GCr - 0300 GCT height or pressure change would be a l-axi. i at 
longitude intervals of 60°. Any such general 120° loi gitude wave- 
length pattern, superir posed on a 360° lor gitude wave-length pattern 
due to the twenty-four hour period wave, is not apparent fro' this 
study. 

5. Synoptic considerations. 

In the analysis of the raw data of this study it was quite apparent 
that the passage of a very sharp, deep trough, or a predominance of 
trough lines over ridge lines, at a particular observation tive through- 
out a month would give a positive or negative bias to the ’’’can diurnal 
for that month. The bias was positive if the observation tine was 
0300 GCT and was negative if the observation tine was 1500 GCT. The 
same type of consideration applied to a sharp ridge line, or a predo i- 
nance of ridge lii es over trough lines, at a particular observation ti*e. 
In this case the bias values are of opposite signs for the identical 
observation tires. 

This bias, of course, arises from the technique used in determining 
the mean diurnal height change, however, with only two soundings per 
day, there is no other practicable method where large masses of data 
are to be processed. The only effective way of removing this bias is 
to have enough years of data for the given month so that such ra do., 
biasing effects are nullified. 
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These biasi' i effects arc the prii ary ea se c 
differc* ccs tl at occur at some stations between the un. oothed ca 
diurnals for successive worths. This applies to a lesser decree to 
the differences between smoothed values. he ap of ear diurr al 
height changes for the whole year, figure 20, should have effectively 
removed an y such biasing effect due to the nur.ler of observatioi s 
co: prisi .g it. 

hraui ting that the ii dividual, i onthly mean diiuval ..aps have con- 
siderable error in certain areas due to the above co sideratioi s, it 
is still apparent fret, the i ear r.ap for the year that there are areas 
in ' orth .America where there is a r ar’ ed 0 radicnt in the diun al hei 0 l t 
change values. It is also apparent that local geographic influerces 
such as type of surface, orography, etc., are of primary irportarce ii 
the 500 rb diur al height change patterns over I ortl Clerical . 

With the type of data ar.d the uns...oothed form of the diur al hci Q ht 
change patterns obtained in the current study it is i possible to ascribe 
the pattern to a certain twe : ty-four hour wave co 1 por.ent and/or a certai: 
eight hour wave compo er.t at a given station, since both the amplitude 
and phase of both waves are m ’frown. ~’he solutioi to this problem rust 
await the availability of data sirrilar to that of diehl T s at Sar. Juan 
for many more stations. 

If the findings of this study can be assumed as being representative 
of the general pattern and order of magnitude of the normal monthly mean 
500 mb diurnal height change, the question then arises as to the effect 
of this diurnal on normal synoptic upper air analysis routine. 
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Ir deter ir.iug the twelve 'ur ’ ei 0 t te c c. 7 -.t _,iv •. u 
the first twelve lour height te e. cy will i elude ?i rroi cqiul u-, 
aid t e sa c si 0 as the divr il ’eight change for tl at poii>t "or 
the sai e twelve lour t cried. ’or t> e subsequent twelve lour hci to l u 
tendency at that poi. t the error will he of t’ c o x posite sigi ’ of 
the sa r e nur.erical value. ” us the ret error ir two consecutive 
twelve hour tende cies at a giver, poii t will be twice the agr.itu’c 
of the diurnal height change. 

It is apparent fro? the . ca.. 500 b diurnal height change ^ap for 
the year, figure 20, that the areas where this error will generally be 
the greatest are (1) L. the Coose cay, Labrador area; (2) in the Sable 
Island area; (3) just • orth of Vancouver Island, arc 1 (4) ever the 
Florida peninsula. O11 the basis of the .ean lap for the year the 
average resultant error in two consecutive twelve hour height tende: cies 
in these areas will be about 100 feet, however, if tic values near >able 
Island and Goose 3ay shown in Figure 17 are actually representative of 
nomal suru.er values, the resultant error in these areas will be about 
1?0 feet. The fact that these errors will be of opposite signs at these 
two locations will cause, on successive twelve hour height tendency aps, 
an apparent 1 orth-south oscillation of height tendency centers passi. g 
through this area. 

An analogous statement nay be r.ade regarding errors in thic’uess 
tendency values deduced fro' successive twelve hour thic’a ess tendency 
maps. However, in this case it is necessary to consider the difference 
between the diurnal height changes at the upper arJ lower boundaries 
of the layer. 
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If \c a 0 itu’c o t' is tVc ,3 :• <r t^rcr ' 4 .c 1..' 

fro: 1000 ; to TOO :.b is dcten ' J fro 1 e ea ICC ’ 'ur- al 
height cLa O o ap for the year, ~i to urc 20, .he '. 2. . eat’, er urcai 

r ontlily i ear. surface ’iuri al height c’ a ge aps for the h itecl States 
only. Figures 21-24, it is found to be a axil ir. ii July. It is approx- 
imately ICO feet it an area extending fro- east central California 
through southern Arizona and hew hexico and into southwest '"exas. ’’’•e 
boundary level contributing Kost of this error is the surface since it 
has very high diurnal height changes in this sane area in July. 

T!o conclusions can be drawr. fror. this study as to the error in a 
given station 500 L.b height since the diurnal pressure variation at this 
level is not laiown. 

An analogous statement may be nade regarding the error in a giver, 
layer thickness since, to determine this error, the diurnal pressure 
variation at both boundaries must be known. 
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viii. i n.i'irc: j a: ' x.2 u i • . 

-o establish the causative para* ctcrs L the 500 tb diurnal 1 ci.. 1 * 
changes it would be i ecessary to carry out t! e type of study t’ at 
•I. Riehl [93 peri l at San different stations ai 

for a longer period of th e thai used there. ' ultiple correlation 
studies would then have to be ade on the correlation between possible 
causative parar ctcrs and the 500 r-b diurnal height charges. 

The 500 mb diurnal height changes in particular areas of f orth 
America can introduce significant errors in the twelve hour height 
tendency laps and in the twelve hour thickness tendency. 

Statistical investigation of the twelve hour diurnal height changes 
show that the confidence level for believing that the values of the 
monthly average diurnal height changes, presented ir able l,are vithir 
the limits of accuracy of the height observations is only about 70. 

This level of belief is not high enough to permit the direct use of this 
table as a source of correction factors to be used in the daily analysis 
of 500 mb. charts. The charts. Figures 8-1S, are more reliable due to 
the greater number of observations ircluded in each plotted value by 
virtue of the smoothing operation employed, but still do not represent 
an accuracy that would permit a mechanical application of the exhibited 
information. 

In order to obtain a monthly average diurnal height change with an 
accuracy of ± 5 feet it would be necessary to process data covering ar 
average period of twelve years in the case of summer months and an average 
period of forty-five years for winter months. It is suspected that 
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additional significance tests would show that all the su, cr i Oi tL's 
could Ire assured to core fro= the sar c parent population a 1 therefore 
could be treated as 01 e large sample, ir which case a record of only 
about two years observations would be needed to obtain a good cstii ate 
of the true r.onthly average diurnal height change. Similar tests s ay 
also show that the winter months are essentially homogeneous in which 
case a record for about eight years of observations would give the 
desired accuracy. 

In view of the above considerations it is the conclusion of the 
authors that the n can annual 500 nb diurnal height change rap, Figure 20, 
could be utilized to advantage by upper air analysis activities until 
such time as more extensive investigations have produced ncan ronthly 
diurnal height change raps of the desired accuracy. It is therefore 
reconnended that the mean annual 500 r.ib diurnal height change map be 
disseminated to >aval activities and other interested agencies carrying 
on upper air analysis programs over North America. 

It is further recommended that the problem of establishing normal 
seasonal or monthly 700 mb, 500 nb, 300 mb, and 200 mb diurnal height 
changes for all radiosonde reporting stations in North America, the 
Pacific, and the Atlantic be continued. 
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Table of statistical analyses of 
results for selected stations 




A comparison of the annual variations 
of the surface and 500 m.b diurnal height 
changes for Atlanta * 



Figure 1. 
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A comparison of the annual variations 
of the surface and 500 no diurnal height 
changes for Phoenix 



i'igure 2. 




changes for Oldahona City 



Figure 3. 

✓ 
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A comparison of the annual variations 
of the siu’face and 500 nb diurnal height 
changes for Washington, 0. 0. 



figure 4. 
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A conparison of the annual variations 
of the surface and 500 r.b diurnal height 
changes for Chicago 



Figure 5. 
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A ccrparison of the annual variations 
of the surface and 500 mb diurnal height 
changes for hapid City 



Figure 6. 

L 
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A comparison of the annual variations 
of the surface and 500 r.ib diurnal height 
changes for Tatoosh Island 



Figure 7. 
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Fisrure 8. 
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o 9 * 




?he 500 r.b near* diurnal height 
changes for November , 1048 



Figiire 9. 
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Figure 10. 
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The 500 rib mean diurnal height 
changes for January, 1949 



Figure 11. 
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The 500 mb mean diurnal height 
changes for February, 1949 






Figure 12. 
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The 500 r.ib mean diurnal height 
changes for l arch, 1S49 



Tigure 13. 
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rigure 14. 
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The 500 ab r.ean diurnal height 
changes for bay , 194S 



Figure 15. 
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The 500 mb mean diurnal height 
changes for June, 1949 



Figure 16. 
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Figure 17. 
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The 500 'rib mean diurnal height* 
changes for August, 1S49 



figure 18. 
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Figure IS. 
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The 500 r.’.b annual nean diurnal changes based on the 
period October, 1948, to Septer.iber, 1949, inclusive 



Figure 20. 
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Figure 21. 
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The normal surface diurnal height 
changes for January 



- * 4 . 

figure 22.- 
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The nomal surface diurnal height 
changes for April 



Figure 23. 
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The norual surface diurnal height 
changes for July 



Figure 24. 
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